We report on a 64-year-old man with leptomeningeal metastasis (LM) from an epidermal growth factor receptor (EGFR)-mutated adenocarcinoma of the lung. He was treated with paclitaxel, cisplatin. After completion of chemotherapy, he complained of headache, nausea, and vomiting. EGFR-mutated tumor cells were identified from the cerebrospinal fluid (CSF). Second-line therapy with gefitinib, methotrexate was started. After receiving gefitinib for 4 weeks, he had no more headaches or vomiting. Eleven months after initiation of gefitinib, he developed headache and nausea. Chest computed tomography showed aggravation of bone metastasis. Third-line therapy was started with gemcitabine and carboplatin. Two weeks later, he experienced disorientation. After a fourth relapse within the central nervous system, the therapy was switched to erlotinib and significant improvement of LM was achieved. This case shows that LM can be diagnosed by detecting EGFR mutation in CSF and EGFR tyrosine kinase inhibitors are effective for LM from EGFR mutant non-small cell lung cancer.
INTRODUCTION
Leptomeningeal metastasis (LM) is a serious complication of cancer with very poor prognosis. The frequency of LM has been reported to be 10% to 25% of lung cancer patients [1] , and it is more common in small cell lung cancer than in non-small cell lung cancer. Several mechanisms of leptomeningeal spreading have been proposed: (1) hematogenous spread via arachnoid vessels, (2) direct extension from parenchymal or parameningeal tumors, and (3) iatrogenic dissemination during surgery for parenchymal metastasis. The diagnostic evaluation of LM should be performed by gadoliniumenhanced brain magnetic resonance imaging (MRI) and cerebrospinal fluid (CSF) studies. Intrathecal chemotherapy and radiotherapy are the standard therapies, and the treatment goal is generally only the palliation of symptoms.
Sequence alterations in the epidermal growth factor receptor (EGFR) gene have frequently been identified in non-small cell lung cancer, primarily in patients who are responsive to gefitinib (Iressa), an EGFR tyrosine kinase inhibitor (TKI) [2, 3] .
There are few case reports showing EGFR mutation in metastatic brain lesions, which are rare in CSF cytology [4, 5] .
This report describes a patient with EGFR mutant non-small cell lung cancer who showed significant improvement of LM to erlotinib after failure of gefitinib.
CASE
A 64-year-old man with a 13-pack-per-year smoking history was diagnosed with stage IV adenocarcinoma of the lung with multiple bone metastases. He presented with blood-tinged sputum and right posterior chest wall pain. Chest computed tomography (CT) confirmed a 2.0×2.3 cm central mass with satellite nodules in the right lower lobe and enlarged mediastinal and supraclavicular lymph nodes. The patient underwent a bronchoscopy and a biopsy of the endobronchial mass in the right lower lobe. The tumor specimen revealed adenocarcinoma with an in-frame deletion in exon 19 (2239 T>C).
The patient received first-line therapy with six cycles of paclitaxel and cisplatin, which resulted in a partial response. However, 3 months after completion of cytotoxic chemotherapy, the patient complained of headache, nausea, vomiting and fever.
A brain MRI showed diffuse LM and right occipital bone metastasis with diffuse marrow infiltration (Fig. 1) . The patient had no respiratory symptoms, and the chest CT scan showed no evidence of local recurrence. A lumbar puncture was performed, and LM was confirmed by CSF cytologic examination (Fig. 2) . We identified the combination of a point mutation and a deletion in exon 19 (del 2240-2251, 2239 T>C; L747-T751insP; heterozygote) in tumor cells from the CSF. The patient was administered gefitinib (250 mg per daily) and intrathecal chemotherapy with methotrexate through an Ommaya reservoir (15 mg twice per week). After 4 weeks of gefitinib administration, he had no more headaches or episodes of vomiting. A brain MRI showed significant improvement of LM (Fig. 3) , and there were no malignant cells in the CSF. Eleven months after initiation of gefitinib treatment, the patient developed headaches and nausea. A brain MRI follow-up scan showed mixed LM responses, and a chest CT scan showed aggravation of the right 7 rib destruction. However, there were no malignant cells in the CSF. Gefitinib was discontinued, and third-line therapy was started with gemcitabine and carboplatin. Two weeks later, the patient experienced an episode of disorientation. The CSF cytology was reevaluated and demonstrated malignant tumor cells. The brain MRI also indicated disease progression with newly developed hydrocephalus. Erlotinib was started, and a ventriculoperito-neal shunt operation was performed. The patient exhibited neither neurological symptoms nor adverse effects of erlotinib at the 8-week follow-up examination.
DISCUSSION
The prognosis for patients with LM is poor, with a median survival of 4-6 weeks if left untreated and 2-3 months with aggressive therapy [6] . Moreover, the treatment of LM is not curative, and radiation therapy and intrathecal chemotherapy can offer palliation by arresting neurological progression in clinically stable patients [7] . However, the median overall survival is usually less than 6 months. Systemic chemotherapy agents including thiotepa, methotrexate and cytarabine can penetrate the blood-brain barrier (BBB). Nevertheless, intrathecal chemotherapy has been the mainstay of treatment in LM [1] . Some recent studies have shown that EGFR-TKIs may be effective in patients with brain metastasis [8, 9] .
EGFR gene mutations, particularly exon 19 deletions and exon 21 (L858R or L861Q) or 18 (G719X) mutations, are the best predictors of the patients' responses to EGFR-TKIs.
Pretreatment EGFR mutation testing in routine practice is essential to ensure that all patients with EGFR-sensitizing mutations benefit from EGFR-TKIs.
LM is known to have high specificity for detection of malignant cells in the CSF through cytology. However, it has a low sensitivity (50% to 60%) in patients with autopsy-proven LM. Because LM contains very few morphologically recognizable malignant cells, making a definitive diagnosis of LM by CSF cytology is difficult. Pyrosequencing technology offers an opportunity for tumor diagnosis based on detection of tumor-derived DNA present in the CSF, even if malignant cells cannot be detected by cytological investigation of the CSF [10] [11] [12] [13] [14] . Adequate cytology specimens as well as biopsy specimens are sufficient for molecular analysis [15] , and will be very important for patients to receive personalized targeted therapy based on their molecular profiles.
Gefitinib is an orally active and selective EGFR-TKI that blocks the signal transduction pathways implicated in promoting cancer growth, and thus, this treatment leads to decreased cellular proliferation, angiogenesis, tumor invasion and metastasis and increased apoptosis. Several recent reports have described the effective treatment of LM with EGFR-TKIs. Jackman et al. described a case of LM in a patient with non-small cell lung cancer with activating EGFR mutation treated with a high dose of gefitinib. These researchers suggested a correlation between a higher concentration of gefitinib in the CSF and the subsequent clinical and radiographical response of LM [4] . Choong et al. [5] reported on a patient with erlotinib-refractory lung adenocarcinoma who developed LM and responded well to gefitinib.
This case showed significant response to erlotinib in EGFR mutant non-small cell lung cancer with LM, even after developing resistance to gefitinib.
This case highlights some conclusions regarding targeted therapy with TKIs for LM of non-small cell lung cancer. First, the usual dose of gefitinib (250 mg per day) would be effective for treatment of LM with an activating EGFR mutation, as confirmed by a CSF analysis. Our patient had no cytochrome P4503A4 inhibitors that may increase the level of gefitinib. Jackman et al. [4] reported some adverse effects of gefitinib, including somnolence and increased hepatic transaminase with the dose of 750 mg per day. However, our patient showed a dramatic response to gefitinib within 3 months, and the disease was effectively controlled over a period of 11 months with no severe adverse effects. Second, gefitinib could penetrate the BBB without obvious disruption of the BBB. Kim et al. [8] described a patient with LM in non-small cell lung cancer who showed good response to gefitinib after undergoing laminectomy for resection of spinal metastatic tumors. In contrast, our patient presented no evidence of BBB disruption, such as spinal or brain surgery. Therefore, we can hypothesize that gefitinib may be able to penetrate the BBB under LM conditions, although the entire dose of gefitinib cannot penetrate the common BBB.
Further investigations are required to elucidate the mechanisms through which gefitinib can penetrate the BBB and through which gefitinib results in resistance to EGFR-TKIs in LM.
